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Introduction
Oxidative stress is significant in that it can lead to molecular damage,
altered gene expression, and increased cell death. To combat oxidative
damage superoxide dismutases are expressed, and functions to scavenge
free oxygen species. Superoxide dismutases (SODs) are a group of enzymes
that function to catalyze the dismutation of a superoxide anion (O2-) to H2O2
and O2 (1, 2). There are two superoxide dismutase proteins that are
expressed in the budding yeast, Saccharomyces cerevisiae, each of which
are conserved in humans structurally and functionally. The Cu-Zn superoxide
dismutase, Sod1p, localizes primarily to the cytoplasm, but can also be
targeted to the mitochondrion. Sod1p is activated when Ccs1p introduces a
copper ion into its tertiary structure. The coordination of this copper ion
allows for the catalysis of free oxygen species. Cells lacking a functional
Sod1p enzyme are more inclined to the negative effects of oxidative damage.
Sod2p, which localizes specifically to the mitochondria, and coordinates
manganese. (2). Interestingly, nonfunctional Sod1p activity in cells has been
associated with motor neuron damage in humans. Additionally, over 100
different sod1 mutations in humans of have been linked to Amyotrophic
Lateral Schlerosis (ALS), although the mechanisms behind this linkage still
need to be elucidated (3).
Chromium (VI) ((Cr (VI)) is a reduced form of chromium and a potent
carcinogen through its ability to oxidize guanine bases (8-oxoG) (3). Previous
work showed that exposure to Cr(VI) results in moderate translational
repression of mRNA and subsequent assembly of Processing bodies (Pbodies), but not stress granules (SG). P-bodies and SGs are mRNA-based
structures that are located in the cytoplasm, and can assemble during stress
responses. Assembly of both structures requires non-translating RNA, but
theses structures also have distinct differences (4). P-bodies contain RNA
degradation factors and thus can be found in cells where mRNA must be
degraded (5). Stress granules act as a site of mRNA storage, as they contain
translation initiation factors, mRNA that is stored in stress granules can later
be translated once stress is relieved (5). P-body and stress granules are not
completely exclusive structures and in fact can share messenger
ribonucleoprotein (mRNP) complexes. Stress granules often form in
conjunction with P-bodies as mRNPs can shuttle between the two structures
(Ref), Moreover, stress granules require prior P-body formation for their
assembly (6).
The P-body assembly seen in response to Cr(VI) is due to oxidation as
the dual treatment of the antioxidant quercetin and the oxidant chromium (VI)
leads to a reduction in P-body assembly (4). Furthermore, two lines of
evidence show that Cr(VI) can directly oxidize mRNA. First, when
transcription is first shutoff by use of actinomycin D followed by Cr(VI)
treatment, P-body assembly still occurs. Second, 8-oxoG containing mRNA
can localize to P-bodies (4).
It had been previously shown by the Zaher lab that synthetic mRNA
containing 8-oxo(G) bases can lead to ribosome stalls, and in turn activation
of no-go decay. No-go decay (NGD) is a eukaryotic quality control
mechanism that corrects translational stalls through the elimination of the
structurally faulty mRNAs that caused the stall. (7) NGD is mediated by the
Dom34p/ Hbs1p complex. Dom34p and Hbs1p show structural homology to
eRF1 and the GTPase eRF3, respectively. Dom34p has homology to Pelota
in mammals. Although Pelota can mediate endonuclealytic cleavage of
mRNA with stalled ribosomes, it is unclear whether Dom34p protein has
endonuclease activity (8). When the damaged mRNA is cleaved, the
resulting 5’ fragment is degraded by the cytoplasmic exosome, whereas the
3’ fragment localizes to P-bodies. Interestingly, P-bodies fail to form no-go
deficient strains exposed to Cr(VI) mediated oxidation, and is due to the loss
of this mRNA quality control pathway. After the removal of the stalled
ribosomes, stm1p dissociates the ribosomes back into their subunits to be
used again (8).

Materials and Methods

Yeast Growth Conditions: Yeast strains were maintained on YPD plates, or selective media (-ura)
and grown at 30°C. During experimentation, cultures were inoculated and grown in a 30°C shaking
water bath, in the appropriate media (-ura) from plating. Yeast were grown to an A600 of 0.2A to 0.6A to
ensure they were in an unstressed state, prior to Cr(VI) mediated stress for analysis.
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Chromium Treatment: Once cultures reached an A600 between 0.2 to 0.6, they were treated with
150 μM sodium dichromate. Treated cells were then incubated for 15 minutes in a 30°C shaking water
bath. After incubation, cells were analyzed via epifluorescence microscopy.
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Figure 2: P-body assembly increases in ccs1∆ and sod1∆ strains. sod1∆ and
ccs1∆ strains expressing Dcp2p-GFP were grown into mid-log phase (A600=
2.0A-0.6A) and analyzed for P-body formation. Values indicate percentage of cells
containing large P-body assembly.
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Figure 6: P-body assembly in WT and overexpressed Sod1p strains.
WT yeast strain (grown in SD-ura) and Sod1p overexpression yeast
strain (grown in SG-ura) expressing Dcp2p-GFP were grown to mid-log
phase and treated with 100μM sodium dichromate. Values indicate
percentage of cells containing large P-body assembly. Oxidative stress
P-body formation in SG-ura cultures may be effected by how galactose is
a nonfermentable carbon source is Saccharomyces cerevisiae
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Visualization of P-bodies: After incubation both untreated and treated samples were observed using
the Nikon Eclipse e400 microscope at the 100X objective under oil immersion. Three independent trials
were run with at least 150 cells counted in each. Images were taken using the Axicam MRM Rev.3
Camera (Zeiss, Thomwood, NY) and analyzed using Adobe Photoshop.

Yeast Growth Spot Assay: O/N cultures of each yeast strain were diluted in YPD to an A600 of
1.0A. These strains were then used to make 5-fold serial dilutions in minimal media. Five microliters of
each dilution were spotted onto plates supplemented as indicated in the figure legends. Spot plate
assays were imaged each day after plating.
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Overexpression of SOD1 : Yeast transformed with the pGal-SOD1 plasmid (Dharmacon),in which
Sod1p expression is under control of the inducible Gal4 promoter. O/N cultures were grown in 2%
dextrose and then sub-cultured to create cultures containing 2% dextrose in which Sod1p
overxpression is uninduced and2% galactose in which Sod1p overexpression is induced. Both
uninduced and induced cultures were grown to an A600 between 0.2A to 0.6A and were then treated
with 150 μM sodium dichromate.
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Yeast Transformation: Yeast transformations were performed as described in Geitz and Woods
(2002). Briefly, yeast were grown to an A600 of 0.2A to 0.6A. Cells were pelleted, washed and
resuspended in 33% PEG, 0.1 M LiAc, 0.28 ug/mL salmon sperm DNA and 0.5 ug of a plasmid DNA to
total 360 uL. Transformations were then incubated at 42°C for 40-50 minutes. Cell were then washed
again and plated on –ura media, and incubated at 30°C. Four independent lineages were obtained for
analysis.

Modified Pulse-Chase Assay: Once cultures reached an A600 of 0.4A-0.6A, cells were treated with
the translational inhibitor salubrinal for 45 min. Cells were washed to restart translation, and samples
were taken at 0, 10, 20, 30 and 40 minutes, and were snap frozen in liquid N2. Samples were subjected
to glass bead lysis in cold buffer A with aprotinin and chymostatin and then run on 12% SDSpolyacrylamide NuSep gels in 1X TGS buffer. Gels were visualized using UV transilluminator (UVP).
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Figure 4: P-body assembly is affected in Sod1p deficient strains, in
which no-go decay is inactivated. No-go deficient dom34∆sod1∆ and
hbs1Δsod1∆ strains expressing Dcp2p-GFP were grown to mid-log phase
and treated with 100μM sodium dichromate. Values indicate percentage of
cells containing large P-body assembly.

Figure 7: P-body assembly is mildly affected the ribosome
recycling deficient stm1∆ strain. Wild-type and stm1∆ expressing
Dcp2p-GFP were grown to mid-log phase and treated with 150μM
sodium dichromate. Values indicate percentage of cells containing
large P-body assembly.
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Figure 8: Working model of no-go decay activation in response to
oxidative stress.
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Figure 1: Working model for the post-transcriptional response to
chromium(VI) exposure. Chromium(VI) mediated oxidation of mRNA
results in activation of no-go decay with the 3’ fragment localizing to Pbodies.
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Figure 3: Cellular translation after repression is mildly impacted in cells
lacking Sod1p. Wild-type and sod1Δ strains were pre-treated with the
reversible translation inhibitor salubrinal for 45 minutes. The salubrinal was
then washed off, allowing for translation to restart. Yeast samples were
harvested and pelleted in 10 minute increments and then immediately snap
frozen.

Figure 5: No-go mutants have ability to suppress sod1Δ growth defect.
Fivefold serial dilutions of wild-type (WT) strain or indicated mutant strains
were spotted onto YPD plates that were untreated or treated with 1.5 mM
Cr(VI). The plates were imaged after day 6.

1. Strains lacking Sod1p have an increase in P-body formation but
cause only an attenuation of translation, which is similar to when
wild-type strains are treated with chemical oxidants such as Cr(VI)
2. Strains lacking Ccs1p, necessary for activating Sod1p, also show
an increase in P-body formation.
3. P-body assembly is impaired in Sod1p lacking strains, which are
also deficient for no-go decay.
4. Strains with overexpressed Sod1p show a consistent, but not
significant, decrease in the presence of P-bodies in response to
Cr(VI) mediated oxidative stress
5. P-body assembly is not significantly decreased in stm1Δ strains.

